T he eminent biologist, T.H. Huxley (1863), stated: "The question of all questions for humanity, the problem which lies behind all others and is more interesting than any of them, is that of the determination of our place in nature and our relation to the cosmos."
Huxley would have been delighted with the paper in this issue of the Journal by Ghaly and Teplitz pp. 767-776, as these authors have investigated the vital question Huxley posed, a question that is only superficially considered by modem biomedicine.
Most alternative and complementary practitioners have used the term "ungrounded" to describe a patient and this report begins to provide us with a scientific understanding of what this really means. It is rarely appreciated that human life evolved in direct contact with the earth's surface. Until a few generations ago, humans walked and slept directly on the ground. Hence the earth's electrical field was spread over the surface of the skin and throughout the respiratory and gastrointestinal tracts (which are electrically conductive). Today we wear insulating shoes that prevent this electrical contact. Moreover, we live and work and sleep in environments that are electrically disconnected from the earth. Rarely, if ever, are we exposed to the natural voltage that is unique to our planet.
The research described in this report suggests that reestablishing electrical contact with the earth can improve sleep, recovery, health, and vitality. This discovery comes at a time when medicine is being challenged to find solutions to the widespread epidemic of sleep problems and their well-established health consequences. report that a simple physical method of connecting the body with the earth's surface during sleep normalizes rhythms of the "stress hormone," cortisol. This, in turn, appears to reduce stress and improve recovery.
The authors begin their paper with a summary of the relationships among cortisol levels and sleep dysfunction, stress, pain, anxiety, depression, irritability, inflammation, circadian rhythms, the immune response, and various chronic diseases. These relationships are real; they have been the topic of literally thousands of scientific studies. For example, a search of the National Library of Medicine database, PubMed, lists 5756 studies with key words "cortisol" and "stress" and 1125 studies with key words "cortisol" and "sleep." A scholarly summary of this science can be found in Measuring Stress by Cohen, Kessler, and Gordon (1995) . See, in particular, Chapter 8, on measuring stress hormones, by Baum and Grunberg (1995) .
Cortisol is widely studied because it is a central, readily measured and an easy-to-interpret factor. Changes in cortisol levels have broad impact on most if not all systems in the body. Cortisol is both a mediator and a marker of the stress response. The finding that grounding or "earthing" the body during sleep normalizes the daily cortisol rhythm, while improving subjective reports of sleep, pain and stress, is indicative of a deep significance to natural contact with the surface of the earth. The convergence of endocrine measures with subjective behavioral data in this study make a strong case for the conclusions reached.
The earth's electric field has a rhythmic 24-hour cycle. This diurnal pattern exists at any location on earth. It is logical that the earth's electrical rhythm is a Zeitgeber or "timegiver" for the cortisol rhythm. It is also reasonable that disconnecting from the earth's field may cause the daily cortisol rhythm to become irregular.
During the same period when we began wearing shoes and disconnecting ourselves from the earth's electrical field, we developed a variety of convenient electrical appliances and electromagnetic technologies. From physics we know Nature's Own Research Association, Dover, NH.
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GUEST EDITORIAL ley's point: our relationship with the planet upon which we reside has great importance. Because of its health significance, this is definitely a subject worthy of further investigation.
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that the fields associated with these devices are attracted to the human body because living tissues are conductors and act as antennas. Hence fields from devices must induce a variety of signals onto the body's surface.
Many people in the therapeutic community are concerned about the possible biologic effects of energy fields emitted by wiring, appliances, and cell phones. More and more people are suffering from electromagnetic sensitivity. Frequently, these are multiple allergy patients. They report a host of symptoms to their physicians who are simply unaware that there is an electromagnetic sensitivity syndrome. In the absence of a definable cause, the physicians can only treat the symptoms.
There is much debate as to whether or not fields produced by our technologies have significant biologic effects. Until we have the final word from research, the government has recommended "prudent avoidance." have shown that connecting with the earth during sleep normalizes cortisol rhythms and produces, on average, a 450-fold reduction in the electrification of the body by external fields. Both of these effects can reduce stress on the body during the one third of our lives that we spend sleeping or attempting to sleep. The findings seem to prove Hux-inated in nearly all subjects.
Conclusions: Results indicate that grounding the human body to earth ("earthing") during sleep reduces night-time levels of cortisol and resynchronizes cortisol hormone secretion more in alignment with the natural 24-hour circadian rhythm profile. Changes were most apparent in females. Furthermore, subjective reporting indicates that grounding the hQman body to earth during sleep improves sleep and reduces pain and stress. and physical stress, inflammation, and sleep dysfunction in humans. Chronic elevation of cortisol can result in disruption of circadian rhythms, which, in turn, is a contributor to a multitude of adverse health conditions, including sleep disorders, hypertension and cardiovascular disease, stroke, decreased bone density, decreased immune response, mood disturbances, autoimmune disease, and abnormal glucose levels (Alschuler, 2001) . Neurologic effects of chronic elevated cortisol secretion include chronic activation of the sympathetic nervous system (flight-or-fight response) leading to hypertension and cardiovascular disease. The hypothalarnic-pituitary-adrenal (HP A) axis and the sympathetic nervous system have been utilized as objective markers of stress reactions (Bjorntorp, 2001 ).
INTRODUCTION
T he objective of this pilot study was to examine the biologic effects of grounding the human body to earth (see Appendix A) during sleep, as measured by cortisol levels and circadian cortisol secretion profiles and subjective reporting of sleep dysfunction, pain, and stress. The hypothesis tested was that diurnal secretion levels of the stress hormone cortisol will change as a result of grounding the human body to earth during sleep. It was also hypothesized that grounding the human body would result in changes in sleep, pain, and stress (anxiety, depression, irritability), as measured by subjective reporting.
Cortisol is a hormone that is associated with psychologic lCarlsbad, CA. 2Encinitas, CA. *See Appendix A.
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GHALY AND TEPLITZ nomic nervous system balance, and disruption of normal sleep spectral-power density ranges (see Appendix B). Reliable reductions in subjective and physiologic indices of stress have shown that relaxation training produces significantly lower levels of postintervention heart rate, state anxiety, perceived stress, and salivary cortisol levels than control subjects as well as increased self-reported levels of relaxation (Pawlow & Jones, 2002) .
Disregulation of circadian cortisol profiles is associated with pain perception (Korszun et aI., 2002) . Aging in humans is accompanied by an increase in adrenal glucocorticoid secretion. Cortisol excess may contribute to impacts of aging as expressed by cognitive impairment and hippocampal neuronalloss (Yen and Laughin, 1998) . Major depressive illness is associated with disturbances of pituitary-adrenal function with chronic high cortisol levels and disruption of normal circadian cortisol profiles (Linkowski et aI., 1985) . Depression, suicide and headache have been linked to exposure to electromagnetic fields (Baris et aI., 1996; Baris and Armstrong, 1990; Beale et aI., 1997; Brown et aI., 1987; Dowson et aI., 1988; Kay, 1994; McIntyre et aI., 1989; McMahan et aI., 1994; Perry et aI., 1981; Perry et aI., 1989; Poole et aI., 1993; Reichmanis et aI., 1979; Savitz et al., 1994; Semm et aI., 1980; Van Wijngaarden et aI., 2000; Verkasalo et aI., 1997; Welker et aI., 1983; Wilson, 1998) . Chronic exposure to electromagnetic fields has also been linked to neurologic changes including amyotrophic lateral sclerosis, cognitive impairment and spatial disorientation (Johansen and Olsen, 1998; Lai, 1996; Lai and Carino, 1998, 1999; Lai et aI., 1998) .
Cortisol is produced in the adrenal cortex and is an arousal hormone. In an unstressed state, the human body produces a predictable day-night pattern of cortisol secretion. Normal diurnal variation in cortisol secretion produces higher cortisol levels in the daytime (for activity) and lower levels at night (for rest). Disregulation of normal circadian rhythms is clearly associated with abnormal cortisol secretion profiles. Chronically elevated cortisol is a biomarker for stress and is associated with many chronic diseases.
The body reacts to an initial stressor by secreting both inflammatory and anti-inflammatory hormones. Prolonged exposure to stressors can result in persistent inflammation, which, in turn, leads to prolonged secretion of anti-inflammatory hormones. Glucorticoids, including adrenocorticotropic hormone (ACTH), cortisone, and cortisol, exert anti-inflammatory effects primarily by counteracting the formation and release of proinflammatory messenger chemicals including catecholamines, prostaglandins, cytokines, nitric oxide, platelet-activating factor (PAF), and heat-shock proteins (Alschuler, 2001; Seyle, 1956 ). This adaptive response to stress is beneficial in the short term but can lead to serious problems, such as chronic disease and tissue damage if the process becomes chronic. The endocrine, gastrointestinal, immune, and neurologic systems are most subject to chronic stress, and chronically elevated cortisol secretion is a measurable biomarker.
Cortisol-releasing mechanisms may be involved in the regulation of sleep (Follenius et aI., 1992) . Twenty-four (24) hour hypersecretion of cortisol has been linked to chronic insomnia (V gontzas et aI., 2002). Evening and nocturnal cortisol levels were significantly increased in patients with severe chronic primary insomnia (Rodenbeck et aI., 2002) . Powerfrequency 50-60 Hz extra-low frequency electromagnetic fields and pulsed radiofrequency fields are reported to affect sleep. Sleep disruption has been reported in human populations with night-time exposure to elevated 50-60 Hz electromagnetic fields (Akerstedt et aI., 1999; Li et aI., 2002) . Weak, pulsed radiofrequency radiation at 20 ,u W /crn2 has been reported to alter the HP A axis with a slight elevation in cortisol serum level (Mann et al., 1998b) . Significantly suppressed sleep electroencephalographic (EEG) and disruption of rapid eye movement (REM) sleep are reported after exposure to pulsed radiofrequency (Borbely et aI., 1999; Huber et aI., 2000; Mann and Roschke, 1996; Mann et aI., 1998) . Pulsed radiofrequency exposure is reported to alter cerebral blood flow, and sleep and waking EEGs (Huber et aI., 2002) . Mann et al. (1998) reported significant sleep differences after exposure to weak pulsed radiofrequency radiation, with a predominance of the parasympathetic over sympathetic tone in the autonomic nervous system. Together, these studies indicated that weak exposures to electromagnetic fields can disrupt normal sleep patterns as measured by various parameters, including direct measurement of hormones, sleep quality, duration of sleep, sleep EEG, REM sleep patterns, parasympathetic/sympathetic auto-
MATERIALS and METHODS

Subjects
Twelve (12) subjects were selected from a group of individuals responding to a request for research study partic- by a research coordinator who contacted subjects weekly, was available for questions, and confirmed that subjective data was being accurately recorded by subjects.
ipants with sleep disorders, pain, and stress. The 8 female and 4 male subjects ranged in age from 24 to 72, with the average age being 45. Subjects were interviewed via telephone to confirm the presence of chronic sleep, stress, and pain problems. Prospective subjects were not accepted as participants if they were using corticosteroids, antidepressants, narcotics, or oral sleep aids. Informed consent and completed health questionnaire forms were obtained from all selected subjects. Subject participation was supervised Grounding to earth during sleep Subjects were grounded to earth (see Appendix A) during sleep by placing a conductive mattress pad, provided by Earth Tether International Corporation (model #2455-8; suIts of saliva tests (cortisol levels) for each subject for each test interval are shown in Table 2.   80   60   40 Subjective testing Each subject completed a Daily Sleep Survey (a modified National Sleep Foundation Diary) for a I-week duration to establish a pregrounding sleep baseline. To establish pregrounding pain and stress (anxiety, irritability, depression) baselines, subjects completed a Weekly Pain Survey and a General Health Survey (Modified SF-12 Survey Form), which included questions regarding emotional health. During the 8-week grounding phase of the study, subjects continued to complete Daily Sleep Surveys and Weekly Pain Surveys. At the end of the 8-week recording period, subjects again completed the General Health Survey and also completed an End of Study Questionnaire to report their overall experience with sleeping grounded and the most significant changes they noticed. 
RESULTS
Cortisol hormone test results
Results of laboratory analysis of saliva samples of cortisol collected prior to and after 6 weeks of sleeping grounded to earth are shown in Table 2 . At the end of the 6 weeks, there were two cortisol sample periods, 12 midnight and 8 AM (of the six sample time periods from 8 PM until 4 PM), when the most significant shifts in cortisol occurred. Both of these shifts occurred most noticeably in females. At midnight, cortisol levels lowered in 8 of the 12 subjects (more synchronous with the normal circadian profile) and 7 of these subjects were female (there were a total of 8 female subjects in the study). The average drop in night-time cortisol levels for these 7 female subjects at midnight was 53.7%. At 8 AM, cortisol levels rose in 10 of the 12 subjects (more synchronous with the normal circadian profile); the average increase was highest amongst females. Of the 8 female subjects in the study, 6 had higher cortisol levels at 8 AM and these levels rose an average of 34.3%. The cortisol levels of the other 2 female subjects (#2 and #5), whose pre grounding cortisol levels (at 8 AM) were abnormally high in relation to the group, dropped to more normal levels, averaging 38% lower (Table 2) .
Earth Tether International Corporation, West Covina, CA), under their fitted sheets. Each mattress pad (containing conductive carbon fibers and having a dissipative surface resistance of 1 X 105 ohms) was attached to a ground cord that was connected at the other end to a 12" ground rod. The ground cord was run outside, via each subject's bedroom window, and the attached ground rod was driven into the earth. The ground cord contained an inline 10 mA ground fault-protection fuse.
Electric field-induced voltage (from lamps, clocks, wiring in walls, etc.) created on the subjects' bodies, in their respective beds, was measured before and after grounding with the use of a MASTECH (model MS82l6; MASTECH, Kowloon, Hong Kong) Digital Multi Meter (DMM). The DMM was grounded directly to earth and each subject's 60-Hz electric field induced body voltage was measured by skin contact with the ungrounded terminal of the DMM, while the subject was in bed.
The subjects' average pregrounding 60-Hz electric field induced body voltage was measured at 3.27 V (3.27 volts or 3270 millivolts) and dropped to an average of 0.007 V (7 millivolts) in bed while lying on the grounded mattress pads (Table 1 ). This drop in voltage demonstrates that the grounding effect of the conductive mattress pads significantly reduced electric field-induced voltage created on subjects' bodies.
Laboratory cortisol hormone testing
In order to obtain a baseline measurement of the hormone cortisol, each subject, prior to being grounded, completed a self-administered 24-hour (circadian rhythm) collection of saliva samples. At each collection time, subjects chewed a Dacron salvette for 2 minutes, then placed it in the appropriate time-labeled sampling tube, and stored it in the refrigerator. Self-administered sample collections began at 8 AM and were repeated every 4 hours. After 6 weeks of being grounded, subjects repeated this 24-hour saliva test. The samples were processed by Sabre Sciences Laboratory of San Diego, CA, using a standard radioimmunoassay. ReSubjective sleep, pain, and stress results At the end of the 8-week test period, 11 of 12 subjects reported that it took less time to fall asleep while grounded to earth. All 12 subjects reported waking fewer times during the night. The average number of times that subjects re-(Before grounding ---after grounding ) Circadian Cortisol Levels (ng/mL: Nine (9) of 12 subjects reported improvement in daytime energy levels and 3 subjects reported no change.
Nine (9) of 12 subjects reported reduction in emotional stress level. They were less bothered by problems such as anxiety, depression and irritability. Two (2) subjects reported no change and I reported worse stress levels.
End of Study Questionnaire reports
Subjects were asked to provide written narrative comments regarding conditions that were mentioned in the initial screening interview but were not formally measured in the subjecported waking up during the night, pre grounding, was 2.5 times per night (group average), and this average dropped to 1.4 times per night or a 44% reduction.
Nine (9) of the 12 subjects reported improvement in fatigue (more refreshed/less fatigued), 2 reported no change, and 1 reported feeling worse.
Ten (10) of 12 subjects reported decreased pain with sleep, 1 reported no change, and 1 reported worsening of pain.
Of the 11 subjects who reported, pregrounding, that pain interfered with general activities, 7 reported improvement and 4 reported no change after sleeping grounded to earth. tive measurement tools. Of the 7 subjects who reported gastrointestinal (GI) disorders prior to sleeping grounded, 6 reported improvement. Of 6 female subjects who reported problems related to premenstrual syndrome and/or hot flashes prior to being grounded, 5 subjects reported a decrease in symptoms. All 3 subjects who reported temporal-mandibular joint (TMJ) pain prior to being grounded reported a decrease in symptoms after sleeping grounded to earth.
Many subjects reported that improvements in these conditions-as well as improvements in sleep, pain, and stressoften occurred rapidly within the first few days of grounding rather than gradually over the 8-week test period.
DISCUSSION Cortisol secretion profiles
Results indicate that the majority of subjects tested who had high-to out-of-range night-time secretion levels experienced improvements by sleeping grounded to earth as measured by night-time cortisol reductions and restoration of normal day-night cortisol secretion profiles (Figure 2 ). All but 2 subjects had cortisol secretion profiles more synchronous with the normal 24-hour circadian pattern as a result of sleeping grounded (Figure 2 ). (See Figure 1 for normal circadian pattern, highest at 8 AM and lowest at midnight.) One (1) of the 2 subjects had no change because his cortiol secretion was the same pre-and postgrounding, already in alignment with the normal circadian pattern. The postgrounding composite (Figure 3 ) indicated that cortisol profiles synchronized intragroup; the group's profile, as a whole, trended more in alignment with the normal circadian pattern of cortisol secretion.
The study sample size (8 females and 4 males) is not large enough to make gender-related conclusions. However, it should be noted that improvements in circadian cortisol secretion profiles were much more apparent for females than for males. subjects reported that they fell asleep more quickly and all 12 reported waking fewer times at night) are the result of a reduction in stress as a result of being grounded to earth; stress reduction being indicated by the restoration of more normal circadian cortisol profiles. Grounding the body to earth at night during sleep also appears to affect morning fatigue levels, daytime energy, and night-time pain levels.
The reports of feeling less fatigue and feeling more refreshed upon waking in the morning (9 of 12 subjects) were probably associated with improved sleep and/or reduction of night-time pain. Reports of increased daytime energy may have been related to the finding that cortisol levels rose at 8 AM in 10 of 12 subjects. Eight AM is the time when circadian cortisol levels should be highest (depressed daytime levels are often associated with low energy).
Ten (10) of 12 subjects reported reductions in pain, particularly night-time pain, including musculoskeletal pain, GI problems, headaches, menstrual cramps and TMJ symptoms. This reported pain reduction may have been related to improved sleep or to better regulation of cortisol levels. There is a recognized relationship between imbalances in cortisol and inflammatory pain (Alschuler, 2001; Korszun et al., 2002; Seyle, 1956) .
Nine (9) of the 12 subjects reported feeling less emotional stress such as anxiety, depression, and irritability. Normalized diurnal cortisol secretion after sleeping grounded to earth allows for better night-time rest and improved daytime energy levels, which, in turn, may account for reported improvements in mood disturbances with reduction in anxiety, depression, and irritability.
In many cases, subjects reported that their perceived improvements in sleep, pain, and psychologic stress (as well as reported improvements from various health complaints) often occurred rapidly, sometimes within the first few nights of sleeping grounded to earth. Because chronically elevated night-time cortisol and disregulation of the circadian profile for cortisol is a biomarker for stress and is associated with poor sleep, pain, psychologic stress, and many chronic diseases, the normalization in night-time secretion of cortisol (10 of 12 subjects) and resynchronization with the normal circadian rhythm, indicates that grounding the human body to earth during sleep reduces stress. 
EFFECTS OF GROUNDING CONCLUSIONS
Results indicate that grounding the human body to earth during sleep reduces night-time levels of cortisol and resynchronizes hormone cortisol secretion more in alignment with the natural 24-hour circadian rhythm profile. Changes were most apparent in females. Furthermore, subjective reporting indicates that grounding the human body to earth during sleep improves sleep and reduces pain and stress.
EFFECTS OF GROUNDING
Electrically grounding the human body refers to maintaining the body at the natural electrical potential (voltage) of the earth. The voltage of the earth is a measure of the free electrons that reside on the earth's surface (Gish, 1936) .
Grounding the human body by close coupling it with a ground plane in the form of a conductive mattress pad, placed under a bed sheet and connected directly to the earth, significantly reduces the 60 Hz electric field-induced body voltage by offsetting the attraction of a 60 Hz electric field from the body (which is small) to the earth (which is large). This creates a stabilizing effect on the electrons of the body that were previously disturbed by the attraction of the 60 Hz electric field to the body.
Hz ELECTRIC FIELD-INDUCED BODY VOLTAGE
An electric field is created by the excitation of the space surrounding an electrified object. All energized electrical wires and electrical devices create an electric field. In space, an electric field travels in an isotropic pattern away from its source at the speed of light. However, when a conductive object such as a human body, which is composed primarily of mineralized water, is in the proximity of an electric field, it becomes an antenna and the lines of force of the electric field bend toward the body and become denser between the body and the source of the electric field. The effect of an electric field on the body is that it electrifies it (creates voltage in the body) by exciting electrons of the body. This process is called "electrical induction," which is different from "electrical conduction," which is electrification by contact (a direct flow of electrons from one object to another). (Dolbear, 1898) The human body may be most chronically exposed to and electrified by 60-Hz electric fields when in bed (Coghill, 1996) . (During a 6-10-hour period, a person's body is within inches of energized electrical wires in the wall at the head of the bed and energized electrical cords and appliances near the bed.)
